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AMENDMENT NO. 1 JUNE 2005 

TO 

IS 12933 {PART 5) : 2003 SOLAR FLAT PLATE 

COLLECTOR — SPECIFICATION 

PART 5 TEST METHODS 
( Second Revision ) 

( Page 2, clause 5.2,2, first sentence ) — Delete the last two sentences. 

( Page 3, clause 5A.2, para 3, /i«e 2 ) — Substitute 700 W/m^'/or *800 W/m^' . 

( Page 3, clause 5.5.2, para 2, line 2) — Substitute 700 W/m^' for '800 W/m^' . 

j Page 9, clause 6.4.5(a) ] — Substitute the following for the existing: 

The total solar irradiance at the plane of collector aperture shall not be less than 
700 W/m-/ 



(ME 04) 



Reprography Unit, BIS, New Delhi, India 



AMENDMENT NO, 2 JUNE 2010 

TO 

IS 12933 (PART 5) : 2003 SOLAR FLAT PLATE 

COLLECTOR — SPECIFICATION 

PART 5 TEST METHODS 

(Second Revision ) 

[Page 8, Table 3, SI No. (v)] — Substitute '±0.2''C'/or '±0.rC'. 



(ME 04) 



Reprography Unit, BIS, New Delhi, India 



Non-conventional Energy Sources Sectional Committee, ME 04 



FOREWORD 

This Indian Standard (Part 5) (Second Revision) was adopted by the Bureau of Indian Standards, after the draft 
finalized by the Non-conventional Energy Sources Sectional Committee had been approved by the Mechanical 
Engineering Division Council. 

This standard was first published in 1990. In the first revision the method of tests for outdoor no flow exposure 
test and thermal performance tests were modified. 

In this revision method of tests for various new tests specified in IS 12933 (Part 1) 'Solar flat plate collector — 
Specification: Part I Requirements (second revisionY has been included. The following important changes have 
also been included in test conditions: 

a) Increase in minimum solar irradiance from 600 W/m^ to 800 W/m^, and 

b) Wind speed to be 2-5 m/sec in place of 4 m/sec, Max. 

In order to facilitate the reference and use, this part of standard is one of a series of solar flat plate collector 
standards. Other parts of the standard are as follows: 

IS No. Title 

1 2933 Solar flat plate collector — Specification: 

(Part 1) : 2003 Requirements {second revision) 

(Part 2) : 2003 Components {second revision) 

(Part 3) : 2003 Measuring instruments {first revision) 

Part 4 of this standard which covered performance requirements and acceptance criteria for solar flat plate 
collectors was subsequently withdrawn and its contents incorporated in Part 1. 

For the purpose of deciding whether a particular requirement of this standard is complied with, the final value, 
observed or calculated, expressing the result of a test or analysis, shall be rounded off in accordance with IS 2 : 1960 
'Rules for rounding off numerical values (revised)'. The number of significant places retained in the rounded off 
value should be the same as that of the specified value in this standard. 



IS 12933 (Part 5) : 2003 

Indian Standard 
SOLAR FLAT PLATE COLLECTOR — SPECIFICATION 

PART 5 TEST METHODS 

( Second Revision ) 



1 SCOPE 

1.1 This standard (Part 5) specifies the test methods 
for solar flat plate collector for water heating. 

1.2 This standard does not apply to the following: 

a) Collector in whom heat transfer fluid may 
change phase, that is, the collectors designed 
for normal fluid temperature above 100°C 
with water as the heat transfer fluid; 

b) Concentrating collectors, used in a system 
designed to generate mechanical energy/ 
electricity; 

c) Collectors in which the thermal storage unit 
is an integral part of the collector so that the 
collection and the storage processes cannot 
be separated; 

d) Unglazed flat plate collector; 

e) Installation or mounting of solar collectors; 
and 

f) Tracking mechanism of the sun following 
collector system. 

2 REFERENCES 

The following standards contain provisions, which 
through reference in this text, constitute provision of 
this standard. At the time of publication, the editions 
indicated were valid. All standards are subject to 
revision, and parties to agreements based on this 
standard are encouraged to investigate the possibility 
of applying the most recent editions of the standards 
indicated below: 



A 

c 



3 TERMINOLOGY 

3.1 For the purpose of this standard, the terminology 
and definitions given in IS 12934 shall apply. 

3.2 Nomenclature 

A_^ "= transparent frontal area of a solar 
collector, m^ 
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Title 




12933 (Part 2): 


Solar flat plate collector — Speci- 




2003 


fication: Part 2 Components (second 
revision) 


u. 


12934 : 1990 


Solar energy — thermal applications 
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— Vocabulaiy 


a 



gross collector area, m^ 

constant used in incident angle modifier 

equation, dimensionless 

effective heat capacity of the solar 

collector, J/°C 

heat capacity of i^^ constituent element 

ofthe collector, J/°C 

specific heat of the heat transfer 

fluid, J/(kg°C) 

solar collector heat removal factor, 

dimensionless 

solar irradiance on collector plane, W/ m^ 

incident angle modifier, dimensionless 

mass flow rate of the heat transfer 

fluid, kg/s 

mass of i**" constituent element of 

collector, kg 

weighting factor defined in Table 4, 

dimensionless 

rate of useful energy extraction from 

the solar collector, W 

ambient air temperature, °C 

temperature of the heat transfer fluid 

entering the collector, °C 

temperature of the heat transfer fluid 

leaving the collector, "^C 

temperature of the heat transfer fluid 

leaving collector at the beginning of 

time constant test period, °C 

temperature of the heat transfer fluid 

leaving collector at a specified 

time ^ °C 

solar collector overall heat loss 

coefficient, W/(m^ °C) 

temperature difference, °C 

absorptance of the collector absorber 

surface for solar radiation, 

dimensionless. 

angle of incidence between direct solar 

rays and the normal to the collector 

surface, degree 

collector efficiency based on gross 

collector area, percent 
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T = transmittance of the solar collector 

cover plate, dimensionless 

(t a)^ = represents property of cover-absorber 
system taking into account absorptance 
of the absorber, transmittance of the 
cover and multiple reflections between 
the two, dimensionless 

(x a)^^ = represents (t a)^ at normal incidence, 
dimensionless 

4 SEQUENCE OF TESTS 

The sequence in which qualification, thermal 
performance and component tests are performed may 
have an influence on whether or not a collector passes 
any given test. A general guideline on the sequence 
of tests envisages to perform outdoor no-flow 
exposure test near to the beginning of any sequence 
of tests. A recommended test sequence is given in 
Table 1, 

Table 1 Sequence of Tests 

(Clause 4) 

SI No. Name of Tests 

(I) (2) 

i) Outdoor no flow exposure test {see 5.2) 

ii) Static pressure leakage test (see 5.3) 

iii) Thermal efficiency test [see 6,4) 

iv) Time constant test (see 6.5) 

v) Incident angle modifier test (see 6.6) 

vi) External thermal shock test (see 5.4) 

vii) Internal thermal shock test (see 5.5) 

viii) Rain penetration test (^ee 5.6) 

ix) Impact resistance test (see 5.7) 

x) Transmittance test on cover plate [see 5.1 of 
IS 12933 (Part 2)] 

5 QUALIFICATION TESTS ON SOLAR 
COLLECTORS 

5.1 Mounting of Solar Collectors 

The solar collector is mounted outdoors at an angle of 
30° from horizontal. One of the fluid pipes of the solar 
collector is sealed to prevent cooling by natural 
circulation of air, whereas the other fluid pipe is left 
open to permit free expansion of air in the absorber. 
The collector is k^pt empty without any water. For 
rain penetration test (as defined in 5.6), both the ends 
of the solar collector shall be sealed. 

5.2 Outdoor No-Flow Exposure Test 

5.2.1 Purpose 

This test intends to evaluate the durability of a solar 
collector by inspecting it after a specified period of 
outdoor no-flow exposure. 



5.2,2 Procedure 

The solar collector shall be mounted in accordance 
with 5.1 The collector is exposed until at least 
30 days with a minimum irradiation of 4 kWh/mVday 
have passed. These days need not be consecutive. The 
collector must also be exposed for at least 30 h to 
an irradiance greater than 850 W/m^. These hours 
must be made up of periods at least 30 min long. 

The glazing of the collector shall be cleaned 
periodically. The ambient air temperature is recorded 
to an accuracy of 0.5°C and the total irradiance on the 
plane of the solar collector is recorded using a 
pyranometer. Integrated values of data shall be 
recorded every 30 min. 

The collector shall be visually inspected for any 
damage or degradation, specially that of rubber 
material and black paint. There shall not be any sign 
of outgassing from the insulation and deposition of 
water vapour, dust and any other material inside the 
cover plate. The climatic conditions during the test, 
including daily irradiation, ambient temperature and 
rain fall should also be reported. 

5.3 Static Pressure Leakage Test 

5.3.1 Purpose 

The purpose of this test is to ensure the integrity of 
liquid collectors to withstand the pressures which it 
might meet in service. 

5.3.2 Apparatus 

The basic apparatus shall consist of a hydraulic 
pressure source (electrical pump or hand pump), a 
pressure gauge, an air bleed valve and an isolation 
valve. The pressure gauge shall permit determination 
of the test pressure with an accuracy of 5 percent of 
the actual reading. 

5.3.3 Procedure 

A test arrangement is made as shown in Fig. I . Initially, 
air bleed valve is kept open and it is ensured that all 
air is removed from the collector by circulating wflter 
through it. The solar collector is then filled with water 
at room temperature and pressurized by closing the 
bleed valve and applying a hydraulic pressure in 
accordance with 9.2,1 of IS 12933 (Part 2). This 
pressure is maintained for a period of 10 min while 
the collector is inspected for swelling, distortion or 
ruptures. 

Adequate precautions are taken to protect personnel 
in the laboratory for failure of the pressure test. Results 
of the test in terms of the initial and final reading of 
the pressure gauge, temperature of the water and 
duration of the test shall be reported. 



IS 12933 (Part 5) : 2003 



AIR BLEED VALVE 




METALLIC 
ABSORBER 



PRESSURE 5J[5J^ 




HYDRAULIC 
PRESSURE 
SOURCE 



-<^ 



Fig. 1 Test Arrangement for Static Pressure Leakage Test 



5.4 Externa] Thermal Shock Test 

5.4.1 Purpose 

External thermal shock test intends to assess the 
capability of a solar collector to withstand thermal 
shocks which might generate when it gets exposed to 
sudden rain storms on hot sunny days. 

5.4.2 Procedure 

The solar collector shall be mounted in accordance 
with 5.1. 

An array of water jets is arranged to provide a uniform 
spray of water over the collector, as shown in Fig. 2. 

The collector is maintained in stagnant conditions with 
a ievel of solar irradiance greater than 800 W/m^ for a 
period of I h. The solar collector is subjected to water 
sprays for 15 min and then inspected. The water spray 
shall have a temperature near to ambient and a flow 
rate in the range 0.30 to 0.50 l/s per unit gross area of 
the collector. 

The collector shall be inspected for any cracking, 
distortion, condensation or water penetration. 
The results of the inspection shall be reported. The 
measured values of solar irradiance, surrounding air 
temperature, absorber temperature, water temperature 
and water flow rate shall also be reported. 

5.5 Internal Thermal Shock Test 

5.5.1 Purpose 

Internal thermal shock test is intended to assess the 
capability of a solar collector to withstand thermal 
shocks arising from a sudden intake of cold heat 
transfer fluid on hot sunny days. This situation may 
be encountered, for example, when an installation is 
brought back into operation after a period of shutdown 
while the collector is at its stagnation temperature. 



5.5.2 Procedure 

The solar collector shall be mounted in accordance 
with 5.1. 

The collector is maintained in stagnant conditions with 
a level of solar irradiance greater than 800 W/m^ for a 
period of I h. It is then cooled by supplying it with 
heat transfer fluid for 5 min at a temperature near to 
ambient. The recommended minimum fluid flow rate 
is 0.02 kg/s per unit gross area of the solar collector 
(unless otherwise specified by the manufacturer). 

The collector shall be inspected for any cracking, 
distortion or deformation. The results of the inspection 
shall be reported. The measured values of solar 
irradiance, surrounding air temperature, heat transfer 
fluid temperature and heat transfer fluid flow rate shall 
also be reported. 

5-6 Rain Penetration Test 

5.6.1 Purpose 

This test is intended to assess the extent to which 
collectors are substantially resistant to rain penetration. 
They shall normally not permit the entry of either free 
falling rain or driving rain. Collectors may have 
ventilation holes and drain holes, but these shall not 
permit the entry of driving rain. 

5.6.2 Procedure 

The solar collector shall be mounted in accordance 
with 5.1. 

The collector shall be sprayed (see Fig. 3) on all sides 
using spray nozzles or showers for a test period of 4 h. 
The collector shall be at approximately the same 
temperature as the surrounding air. The water spfay shall 
be done at a normal temperature of cold water supply 
and at a flow rate in the range 0.03 to 0.05 kg/s per unit 
gross area of the solar collector. 



IS 12933 (Part 5): 2003 



TEMPERATURE 
SENSOR 



SOLAR OR SIMULATED 
SOLAR RADIATION 



FLUID PIPE 
LEFT OPEN 



WATER 

JETS 





FLOW METER 



WATER 
JETS 



FLUID PIPE 
SEALED 



A. 






AMBIENT TEMPERATURE 
SENSOR 



PYRANOMETER 



Fig. 2 External Thermal Test 
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Fig. 3 Rain Penetration Test 



After the spray, the external surfaces of the solar collector 
shall be wiped off and inspection shall be made to assess 
the extent of rain penetration. The results of the inspection, 
that is the places where water penetrated shall be reported. 

note — Rain penetration is more easily visible if it is made to 
form condensation on the cover glass. This can be done either 
by circulating hot water al about 50°C through the absorber or by 
exposing the collector to solar radiation. 



5.7 Impact Resistance Test 

5.7.1 Purpose 

This test is intended to assess the extent to which a 
collector can withstand the effects of heavy impacts, 
such as those caused by petty vandalism or by 
hailstones. 
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5.7.2 Procedure 

The collector is mounted either vertically or 
horizontally on a support {see Fig. 4). The support shall 
be stiff enough so that there is negligible distortion or 
deflection at the time of impact. 

Steel balls shall be used to simulate a heavy impact. If 
the collector is mounted horizontally then the steel balls 
are dropped vertically [Method (a) {see Fig. 4)], or if 
it is mounted vertically then the impacts are directed 
horizontally by means of a pendulum [Method (b) 
{see Fig. 4)]. In both the cases, height of the fall is the 
vertical distance between the point of release and 
the horizontal plane containing the point of impact. 

The point of the impact shall be no more than 5 cm 
from the edge of the collector cover, and no more than 
10 cm from the corner of the collector cover, but it 
shall be moved by several millimeters each time the 
steel ball is dropped. 

A steel ball, having a mass of 150 ± lOg, shall be 
dropped on to the collector 3 times from a test height 
of 1 m at each of the four corners. 

The collector shall be inspected for damages. The 
results of the inspection shall be reported. 

6 THERMAL PERFORMANCE TESTS 

Thermal tests on solar collectors are performed to 
evaluate the extent of their capability to provide useful 



heat under given climatic and operating conditions. 
The methods of tests as given here are based on steady 
state conditions of operation. Thermal performance 
data generated out of these tests provide valuable 
information for system design calculations. 

The thermal tests are performed to obtain values of 
efficiency as a function of solar irradiance, ambient 
air temperature and inlet fluid temperature, to 
determine the time response characteristics of the 
collector and to find out dependence of efficiency on 
the incident angle at various sun and collector positions. 

6.1 Basic Performance Equations 

The performance of a non-concentrating solar collector 
operating under steady state conditions can be 
described by the following equation: 



Q 



GF^ixal-F^U^(T-TJ ...(1) 



The useful energy extracted by the solar collector may 
be expressed as follows: 






•(2) 



If the thermal efficiency of a solar collector is defined 
as a ratio of the actual useful energy collected to that 
of the solar energy intercepted by the gross area of 
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solar collector, then the efficiency of non-concentrating 
collector may be defined as follows: 



;j^F^{Ta\-F^U^ 



T-T 



• . . (3) 



The equation (3) indicates that the thermal efficiency of 
a flat plate solar collector is a linear function of (7. - T )/ 
G assuming that U^^ is constant. Graphical representation 
of the data is made by plotting {T- T^IG on X-axis and 
X] on 7-axis, and by adopting statistical curve fitting using 
the least squares method. However, linear representation 
of the efficiency curve may not be sufficient for some 
of the collectors. In such situations, second order 
representation is required, namley: 



7=% 



T-T 



-02 G 



T-T 



... (4) 



The choice between a first or a second order curve is 
based on the closeness of fit which can be achieved by 
least squares regression. A second order fit is not used 
if the value deduced for a^ is negative. 

Since the thermal efficiency tests are conducted at or 
near normal incidence, the value obtained for F^^ (x a)^ 
is basically F^{x a)^ ^. But in order to predict the 
collector performance at other incident angles, as 
would be the case with actual field installations, a 
multiplying factor called the incident angle modifier, 
K^^ is introduced in equation (1), that is: 



n=F^K,{Ta\-F^U, 



T.-L 



(5) 



Hence, for flat plate solar collectors 



K.. 






.(6) 



For flat plate solar collectors whose radiation properties 
are symmetrical with respect to angle of incidence, 
variation of K^ with incident angle can be given as 
follows: 



/: =l-b. 



1 



Cos0 



6.2 Mounting of Solar Collector 



The way in which collector is mounted influences the 
results from thermal performance tests. The following 
considerations shall be taken into account in respect 
of the collector mounting frame, orientation and tilt 
angle and choice of location. 



6.2.1 Collector Mounting Frame 

The collector mounting frame shall in no way obstruct 
the aperture of the collector, and shall not significantly 
affect the back or side insulation. Unless otherwise 
specified, an open mounting structure shall be used 
which allows air to circulate freely around the front 
and back of the collector. In case, the mounting 
structure is not open at the back, a gap of at least 
150 mm shall be maintained between the back of the 
collector and the mounting structure to allow 
reasonable flow of air. The collector shall be mounted 
such that its lower edge is higher than 500 mm above 
the local ground surface. Warm currents of air, such 
as those which rise up the walls of a building shall not 
be allowed to pass over the collector. Where collectors 
are tested on the roof of the building, they shall be 
located at least 2 m away from the edge of the roof 
surface. 

6.2.2 Collector Orientation and Tilt Angle 

Ideally, the collector shall be mounted outdoor so as 
to have a normal incidence of solar radiation. It may 
be mounted in a fixed position facing equator and may 
also be moved to follow the sun in azimuth and altitude 
using manual or automatic tracking. When mounted 
in a fixed position, time available for testing becomes 
restricted by the acceptance range of incidence angles. 

6.2.3 Location 

The collector shall be located such that a shadow will 
not be cast on to the collector at any time during the 
test period; there will be no significant solar radiation 
reflected on to it from surrounding buildings or surfaces 
during the tests. Surfaces, such as, large expanses of 
glass, metal or water, or having high temperature 
(namely chimneys, cooling towers, hot exhausts) 
should be avoided from field view of the collector. 

6.3 Test Apparatus 

6.3.1 TestSet-Up 

Examples of test configurations for testing solar 
collectors employing liquid as the heat transfer fluid 
are shown in Fig. 5 and 6, which are representative 
rather than exact and are not drawn to scale. 



. - . (7) 6.3.2 Heat Transfer Fluid 

The heat transfer fluid used for collector testing may 
be water or a fluid recommended by the manufacturer. 
Some fluids may need to be changed periodically to 
ensure that their properties remain defined. The specific 
heat capacity and density of the fluid shall be known 
to within ± I percent over the range of temperature 
used during the tests. Values for different water 
properties are given in Table 2. 
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Table 2 Properties 


iofWatei 








{Clause 63.2) 




Tempera- 


Density, 


Specific 


Kinematic 


Dynamic 


ture, 


kg/m^ 


Heat 


Viscosity, 


Viscosity, 


°C 




Capacity, 


10-* 


10-^ 






kJ/kg K 


(mVs) 


(Ns/m2) 


(U 


(2) 


(3) 


(4) 


(5) 


5 


999.9 


4.204 


1.5010 


1501 


10 


999.7 


4.193 


1.300 


1300 


15 


999.0 


4.186 


1.1370 


1 136 


20 


998.2 


4.183 


1.004 


1 002 


25 


997.0 


4.181 


0.892 7 


890 


30 


995.6 


4.179 


0-800 5 


797 


35 


994.0 


4.178 


0.722 3 


718 


40 


992.2 


4,179 


0,656 1 


651 


45 


990.2 


4.181 


0.599 9 


594 


50 


988.1 


4.182 


0,550 5 


544 


55 


985.2 


4.183 


0.508 5 


501 


60 


983.3 


4.185 


0.470 9 


463 


65 


980.4 


4.188 


0.438 6 


430 


70 


977.5 


4.191 


0.409 2 


400 


75 


974.7 


4.194 


0.383 7 


374 


80 


971.8 


4 J 98 


0.361 2 


351 


85 


969-0 


4.203 


0.340 6 


330 


90 


965.3 


4.208 


0,322 2 


311 • 


95 


961.5 


4.213 


0.305 8 


294 



6.3.3 Pipe Work and Fittings 

The piping used in the test load shall be resistant to 
corrosion and suitable for operation at temperatures 
up to 95 °C. Pipe lengths shall generally be kept short, 
in particular, the piping between the outlet of fluid 
temperature regulator and the inlet to the collector shall 
be minimized to reduce the effects of the environment 
on the fluid inlet temperature. The pipe lengths shall 
be adequately insulated and be protected by a weather 
proof coating. 

The pipe work between the temperature sensing points 
and the collector (inlet and outlet) shall be protected 
with insulation and weather proof covers extending 
beyond the positions of temperature sensors. Flow 
mixing devices, such as pipe bends are required 
immediately upstream of temperature sensor. 

The pump shall be located in the fluid loop in such a 
position that the heat which is dissipated in the fluid 
does not influence the inlet temperature to the collector 
or the measurements of the fluid temperature. 

6.3.4 P re-Conditioning of the Collector 

Before carrying out thermal performance tests, the 
collector shall have been exposed to the outdoor no 
flow exposure test in accordance with 5.2. 

The collector shall be visually inspected and any 
damage recorded. The collector aperture cover shall 
be thoroughly cleaned. If moisture has formed on the 
collector components, then the heat transfer fluid shall 
be circulated at a temperature greater than 50°C for 



about Ih duration to dry out the insulation and collector 
enclosure. The collector pipe work shall be vented of 
trapped air by means of an air valve or by circulating 
the fluid at a high flow rate, as necessary. 

6.4 Thermal Efficiency Test 

6.4.1 Test Procedure 

The solar collector shall be tested over its operating 
temperature range under clear sky conditions for 
determining its efficiency. The measurements are 
carried out under steady state conditions. Data points 
which satisfy the requirements given below shall be 
obtained for at least four inlet temperatures spaced 
evenly over the operating range of the collector. One 
inlet temperature shall be selected such that the mean 
fluid temperature in the collector lies within ± 3°C of 
the ambient temperature in order to obtain an accurate 
determination of ri^. At least four independent data 
points shall be obtained for each fluid inlet temperature 
to collect a total of 16 data points. If test conditions 
permit as specified in 6.4,5, an equal number of data 
points shall be taken before and after the solar noon 
for each fluid inlet temperature. This, however, may 
not be required for two axis tracking system. 

6.4.2 Measurements 

The following measurements shall be obtained: 

a) Gross area {A ) and aperture area {A^, 

b) Global solar irradiance, 

c) Diffuse solar irradiance at the collector 
aperture, 

d) Surrounding air speed, 

e) Surrounding air temperature, 

f) Temperature of the heat transfer fluid at the 
collector inlet, 

g) Temperature of the heat transfer fluid at the 
collector outlet, and 

h) Mass flow rate of the heat transfer fluid. 

6.4.3 Steady State Conditions 

A collector may be considered to have been operating 
in steady state conditions over a given test period if 
none of the experimental parameters deviate from the 
mean values over the test period by more than the limits 
given in Table 3. For the purpose of establishing that a 
steady state exists, average values of each parameter 
taken over successive periods of 30 s shall be compared 
with the mean value over the test period. 

6.4.4 Test Period 

6.4.4.1 Determination of effective thermal capacity 
The thermal capacity of the collector is calculated as 
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Fig. 5 An Example of an Open Test Loop 



Table 3 Steady State Conditions 

{Clause 6.4,3) 



SI 


Parameter 


Deviation from 


No. 




the Mean 

Value Over 

the Test Period 


(1) 


(2) 


(3) 


i) 


Total solar irradiance 


± 50 W/m^ 


ii) 


Surrounding air temperature 


±rc 


iii) 


Fluid mass flow rate 


± 1 percent 


iv) 


Collector fluid inlet temperature 


±o.rc 


V) 


Temperature difference between 
collector inlet and outlet 


±OA°C 



the sum for each constituent element of the collector 
(namely, glass, absorber, liquid contained, insuladon) 
suitably adjusted by multiplying with appropriate 
weighting factors to allow for the fact that certain 



elements are only partially involved in collector 
thermal inertia. The relevant expression is; 



C'^S/^i^i^i 



The values of p. are given in the Table 4. 



(8) 



6.4.4.2 The test period for a steady state data point 
shall contain a pre-conditioning period of at least 
1 5 min with the correct fluid inlet temperature followed 
by a steady state test period. The length of the steady 
state test period shall be determined from the thermal 
capacity, C of the collector and the thermal flow rate, 
m c^of the fluid through the collector. To ensure that a 
steady state has reached, the test period shall be greater 
than 4 times the period defined by {C/rii c^ ). 
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Fig. 6 An Example of a Closed Test Loop 



EXPANSION TANK 



Table 4 Recommended Values of/;, for 
Determination of Thermal Capacity 

(Clauses 32 and 6 AAA) 



SI No. 


Elements 


Pi 


(1) 


(2) 


(3) 


i) 


Absorber 


1 


ii) 


Insulation 


1 


Hi) 


Heat transfer liquid 


1 


iv) 


External glazing 


0.06^1 


V) 


Second glazing 


0.2la, 



NOTE ^ In a non-linear representation of efficiency equation, 
fli denotes the second parameter of the instantaneous efficiency 
expression. Where its exact value is unknown, the following 
approximate values should be used to determine /7j: 

a) 7.5 (single glazing), and 

b) 4.0 (double glazing). 



6.4.5 Test Conditions 

The following test conditions shall be observed for 
conducting the efficiency and incident angle modifier 
tests: 

a) The total solar irradiance at the plane of 
collector aperture shall not be less than 
800 W/m^; 

b) The average value of the surrounding air 
speed shall lie between 2 m/s and 5 m/s; and 

c) The fluid flow rate shall be set at 
approximately 0.02 kg/s m^ based on collector 
gross area. The flow rate shall be held stable 
to within ± 1 percent of the set value during 
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each test period and shall not vary by more 
than ± 10 percent of the set value from one 
test period to another. 

6.4.6 Computation of Collector Efficiency 

The instantaneous efficiency r\ shall be calculated from 
the following expression: 



mCi[To-T-) 



A.G 



(9) 



An appropriate value of c^ at mean fluid temperature 
shall be used in the above expression. If rh is obtained 
from volumetric flow rate measurement, then the 
density shall be determined for the temperature of the 
fluid in the flow meter. 

The instantaneous efficiency shall be presented 
graphically as a function of (T.- T^)/G. All the data 
points shall be plotted along with a statistical curve 
fitting using the least squares method. If a linear 
representation is made, a straight line is resulted. The 
slope of the line is equal to E^U^ and the y-intercept is 
equal to F^{% a)^, 

6.5 Determination of the Time Constant 

6.5.1 The heat transfer fluid is circulated through the 
solar collector and the inlet temperature is adjusted as 
close to ambient temperature as possible, preferably 
within ± 1°C. The steady state and test conditions are 
maintained as specified in 6.4.3 and 6.4.5. The incident 
solar energy is then abruptly reduced to zero by 
shielding the collector from the sun by using a white 
opaque cover. The cover shall be suspended off in such 
a way that ambient air is allowed to pass freely over 
the collector surface as prior to the use of cover. The 
following parameters shall be measured during the test: 

a) Collector fluid inlet temperature, 

b) Collector fluid outlet temperature, and 

c) Surrounding air temperature. 

The measurements are continued until 



L 



T -T 

^o. initial ^- 



<0.30 



(10) 



The actual time constant is the time required for the 
quantity on left hand side of equation (10) to change 
from 1.0 to 0.368. 

6.6 Incident Angle Modifier Test 

Experimental determination of incident angle modifier 



may be done by either of the two methods given below. 
During each test period, the orientation of the collector 
shall be maintained to be within ± 2.5° of the angle of 
incidence for which the test is being conducted. 

6.6.1 Method I 

This method is applicable for testing outdoors using 
the moveable test rack so that the orientation of the 
collector can be adjusted with respect to the direction 
of incident solar radiation as per requirement. The 
collector is oriented so that the test incident angles 
between it and the direct solar radiation for the four 
test conditions are respectively, approximately 0, 30, 
45 and 60 degrees. It is recommended that these data 
can be taken during a single day. For each data point, 
the inlet temperature of the heat transfer fluid shall be 
controlled as closely as possible to the ambient air 
temperature, preferably within ± I °C. The four separate 
efficiency values are determined in accordance with 6.4. 

6.6.2 Method 2 

This method is applicable for testing outside using a 
stationary test rack where the collector orientation 
cannot be adjusted arbitrarily with respect to the 
direction of the incident solar radiation. 

For each data point, the inlet fluid temperature shall 
be controlled within ± 1°C of the ambient air 
temperature. The efficiency values are determined 
in pairs, where each pair includes a value of 
efficiency before solar noon and a second value after 
solar noon. The average incident angle between the 
collector and the solar beam for both data points is 
the same. The efficiency of the collector for the 
specific incident angles should be considered equal 
to the average of two values. Efficiency values are 
determined in accordance with the method described 
in 6.4. As with Method (1), data should be collected 
for incident angles of approximately 0, 30, 45 and 
60 degrees. 

6.6.3 Computation of Incident Angle Modifier 

Efficiency values obtained for four values of angles 
of incidence that is 0, 30, 45 and 60 degrees are used 
to calculate four values of /f^. using equation (6). The 
values forFj^(T a)^ used in these calculations will have 
already been obtained as the F-axis intercept of the 
efficiency curve. A graphical presentation is made by 
plotting values of [(l/CosG)-l] on A'-axis and the values 
of K^ on Y-axis. The constant b^ is then obtained as 
slope of a straight line plotted by a least squares fit to 
a first order polynomial. 



Bureau of Indian Standards 

BIS is a statutory institution established under the Bureau of Indian Standards Act, 1986 to promote 
harmonious development of the activities of standardization, marking and quality certification of goods 
and attending to connected matters in the country. 

Copyright 

BIS has the copyright of all its publications. No part of these publications may be reproduced in any form 
without the prior permission in writing of BIS. This does not preclude the free use, in the course of 
implementing the standard, of necessary details, such as symbols and sizes, type or grade designations. 
Enquiries relating to copyright be addressed to the Director (Publications), BIS. 

Review of Indian Standards 

Amendments are issued to standards as the need arises on the basis of comments. Standards are also reviewed 
periodically; a standard along with amendments is reaffirmed when such review indicates that no changes are 
needed; if the review indicates that changes are needed, it is taken up for revision. Users of Indian Standards 
should ascertain that they are in possession of the latest amendments or edition by referring to the latest issue of 
'BIS Catalogue' and 'Standards: Monthly Additions'. 

This Indian Standard has been developed from Doc : No. ME 04 (0551). 



Amendments Issued Since Publication 



Amend No. 



Date of Issue 



Text Affected 



BUREAU OF INDIAN STANDARDS 



Headquarters 



Manak Bhavan, 9 Bahadur Shah Zafar Marg, New Delhi 1 10 002 
Telephones : 2323 0131, 2323 33 75, 2323 9402 

Regional Offices : 

Central : Manak Bhavan, 9 Bahadur Shah Zafar Marg 
NEW DELHI 110 002 

Eastern : 1/14 C.I.T. Scheme VII M, V. I. P. Road, Kankurgachi 
KOLKATA 700 054 

Northern : SCO 335-336, Sector 34-A, CHANDIGARH 160 022 
Southern : C.I.T. Campus, IV Cross Road, CHENNAI 600 1 13 



Western 



Branches 



Manakalaya, E9 MIDC, Marol, Andheri (East) 
MUMBAI 400 093 



Telegrams : Manaksanstha 
(Common to all offices) 

Telephone 

r 2323 7617 
\ 2323 3841 

r2337 8499, 2337 8561 
\2337 8626, 2337 9120 



{ 



60 3843 
60 9285 



J2254 1216,2254 1442 
\2254 2519, 2254 2315 

r2832 9295, 2832 7858 
1^2832 7891,2832 7892 



AHMEDABAD. BANGALORE. BHOPAL. BHUBANESHWAR. COIMBATORE. FARIDABAD. 
GHAZIABAD. GUWAHATL HYDERABAD. JAIPUR. KANPUR. LUCKNOW. NAGPUR, 
NALAGARH. PATNA. PUNE. RAJKOT. THIRUVANANTHAPURAM. VISAKHAPATNAM. 



Printed at Prabhat Offset Press, New Delhi-2 



